Abstract-Multivariate and univariate analyses were used to investigate the morphological variation among the species of Stipa sections Smirnovia and Subsmirnovia. The MODECLUS procedure using Gower 0 s similarity coefficient and UPGMA were used to discover how the selected specimens segregated. Subsequently different analyses were applied to qualitative and quantitative characters to determine which were the most discriminating and to determine group placement for each specimen. This study recognizes 18 taxa for section Smirnovia, whereas section Subsmirnovia comprises only one species, S. gaubae, which is clearly distinguished by its 3-styled ovary and its long basal leaf ligule. Both qualitative and quantitative characters are necessary for species delimitation. The present work has corroborated previously used diagnostic characters, such as: lemma and awn length, lemma indumentum, awn shape, column indumentum, seta/column length ratio, callus indumentum and shape, presence of coronula, basal leaf ligule cilia, and the number of styles. Likewise, some characters not previously studied in detail, were significant in species delimitation such as the presence of falcate trichomes on the callus of S. caucasica subsp. drobovii and the subdorsal and lateral rows of fused trichomes in S. klemenzii. Finally, a key to species in subsections Smirnovia and Subsmirnovia is provided.
Stipa L. is classified within the recently expanded tribe Stipeae that comprises between 400 and 600 species and 21 genera (Barkworth et al. 2008; Romaschenko et al. 2007 Romaschenko et al. , 2010 Cialdella et al. 2010) . Stipa is the largest genus with about 300-400 species distributed throughout the temperate and subtropical regions of both hemispheres (Bor 1968; Tzvelev 1976; Cope 1982; Clayton and Renvoize 1986; Moraldo 1986; Freitag 1985; Watson and Dallwitz 1992) . Current taxonomies recognize a narrow concept of Stipa with several segregate genera: Hesperostipa (Elias) Barkworth, Austrostipa S. W. L. Jacobs & J. Everett, Celtica F. M. Vázquez & Barkworth, Amelichloa Arriaga & Barkworth, and Pappostipa (Speg.) Romasch., P. M. Peterson & Soreng. As a consequence, Stipa s. s. has been reduced to ca. 140 species and is now limited to Asia, Europe, and North Africa (Romaschenko et al. 2007; Barkworth et al. 2008) .
Spikelets in Stipa are 1-flowered, and the anthecium disarticulates above the glumes leaving a sharp-pointed callus attached at its base. The lemma is often long and narrow, terete, indurate, and strongly convolute, terminating in a prominent awn. The callus, lemma, and the palea considered together is called the anthecium. The awn is unigeniculate or bigeniculate and usually twisted below the first bend. The portion below the bend is referred to as the column and above the bend is referred to as the seta.
Stipa includes some of the most taxonomically difficult species in Poaceae. They exhibit plasticity in morphological characters thus making taxonomic assessments difficult. The lack of stable morphological structures and the difficulty in establishing clear morphological boundaries between taxa, has resulted in the creation of a high number of taxa at the specific and infraspecific ranks (Roshevitz 1916 (Roshevitz , 1924 (Roshevitz , 1932 (Roshevitz , 1934 Martinovský 1980; Kotukhov 1987 Kotukhov , 1989 Kotukhov , 1991 Kotukhov , 1994 . These problems were previously pointed out by Tzvelev (1974 Tzvelev ( , 1976 , Scholz (1985) , Freitag (1985) , and Strid (1991) .
The infrageneric classification of Stipa traditionally has been based on awn features. Dumortier (1824) was the first author who provided an infrageneric classification. Two Sections were recognized: Eriostipa Dumort. (= Sect. Stipa), that included species with pubescent or plumose awns, and Leiostipa Dumort., including those species with scabrous or glabrous awns. The first taxon with unigeniculate and plumose seta was Stipa caucasica Schmalh. which was described in 1896. Subsequently, Roshevitz (1932) proposed dividing Stipa into seven series, mostly based on awn features. Thus, eight species with unigeniculate awns and plumose seta were included in Ser. Brevigeniculatae Roshev. Roshevitz (1932) , however, included in this series only those species with columns 1/10-1/8 the length of the seta and excluded S. caucasica because its column was 1/4-1/2 the length of the seta. More recently, Tzvelev (1974) considered S. caucasica the type species of a newly described Section Smirnovia, which included all the species with unigeniculate awns and plumose seta. The most relevant characters besides awn length were the intravaginal branching, acuminate or long acuminate glumes, coriaceous lemmas, terete or laterally compressed lemmas with overlapping margins, acute calluses, and ovaries with two styles. Section Smirnovia comprises 18 taxa that are endemic to Asia and the Caucasus with the highest diversity in central Asia with seven endemic species. Parolly and Scholz (2004) described S. cacuminis H. Scholz & Parolly from Turkey as a species transitional between Sections Barbatae A. Junge and Smirnovia, (and relatively close to S. hohenackeriana Trin. & Rupr.) because of its combination of characters: the absence of coronula, an indistinctly unigeniculate awn, and plumose seta with trichomes ca. five mm long. But in our view, those characters bring it closer to S. turkestanica Hack. in Sect. Stipa, where it is frequent to find specimens whose awns are indistinctly bent in the lower portion. Therefore, S. cacuminis is not considered a member of Sect. Smirnovia and is therefore excluded from this study.
Additionally, S. gaubae Bor, endemic to Azerbaijan and North Iran, was included in the multivariate analysis and is the only species of Sect. Subsmirnovia Tzvelev (1976) . It can be distinguished from Sect. Smirnovia by the presence of three styles and longer ligules (Tzvelev 1993) . The similar awn structure and affinity with species of Sect. Smirnovia, made it necessary to include S. gaubae in the morphometric analyses.
Several species of Sections Smirnovia and Subsmirnovia have been included in floras or regional studies, but a comprehensive taxonomic treatment does not exist. The present study aims to use morphometric and numerical taxonomic analyses to identify which characters (new and previously used) are the most consistent in distinguishing the different taxa. This paper is a preliminary step towards establishing a comprehensive taxonomic treatment of both Sections.
Materials and Methods
Plant Material-This study is based on the examination of 852 specimens from 25 different herbaria: B, BM, BR, C, COI, E, FI, G, GH, H, JE, K, L, LD, LE, M, MEL, NY, PR, S, U, UPS, W, WAG, and WU. Unfortunately, many specimens were immature, incomplete, or fragmented and thus could not be included in this study. From the material studied, 265 specimens were selected and measured in an attempt to best cover the range of morphological variation in characters across the taxa. Each specimen measured was considered an operational taxonomic unit (OTU).
Specimens were initially identified and assigned to 20 taxa of Sect. Smirnovia and one taxon of Sect. Subsmirnovia as recognized in the most recent taxonomic treatments (Tzvelev 1976 (Tzvelev , 2000 Freitag 1985; Wu and Phillips 2006) . Stipa okmirii Dengub., S. talassica Pazij, and S. kopetdaghensis Czopanov, are known only from the type locality and were excluded from the multivariate analyses. In total, 18 taxa were included in the multivariate analyses, 17 taxa from Sect. Smirnovia and S. gaubae from Sect. Subsmirnovia (Table 1) .
Morphological Data and Analyses-The spikelet measurements were taken from the second most apical node from the longest branch of the panicle. Species of the two sections studied have cleistogamous spikelets, consequently the sizes of the structures that are enclosed by the floret were determined by the size of the lemma, having a limited value for species delimitation. Therefore, only qualitative characters of the palea, lodicules, and anthers were considered. All measurements were performed using a Mitutoyo CD-15CD digital caliper (see Fig. 1 for some floral structure measurements).
Initially, 68 quantitative and qualitative characters were recorded but because of missing data, many were excluded thus reducing the number to 47 (Appendix 1). Of these, 23 were quantitative, three were derived ratios, one discrete, and 20 qualitative (binary). Different subsets of these 47 characters were used depending upon the type of analysis and group being considered.
For each quantitative character, exploratory analyses were performed, including descriptive statistics and normality tests, such as the KolmogorovSmirnov and Skewness (Pimentel et al. 2007 ) using the STATISTICA package. To represent the variability of each character within species, box plots containing medians and percentiles were prepared for the most relevant characters . Additionally, the univariant contingency tables were constructed and the Lambda coefficient was estimated to evaluate the predictive value of the qualitative characters analyzed (Legendre and Legendre 1998; Saint-Laurent et al. 2000; Pimentel et al. 2007 ).
To assess overall morphological variation, Gower's similarity was calculated for the combined and qualitative data using the program MVSP Version 3.13q for Windows (Kovachs Computing Services, Anglesey, U. K.). All similarity matrices were converted to a distance matrix by subtracting the coefficients from one (Saint-Laurent et al. 2000) . This coefficient allows the use of quantitative, discrete, and qualitative data. The resulting distance matrix was subjected to two types of clustering methods to group the OTUs. For the first method, the distance matrix was subjected to a non-parametric cluster analysis by the procedure MODECLUS (SAS. 9.2, SAS Institute Inc. 1997) . This procedure has an advantage over most clustering methods in that no assumption of variable distribution is required, plus the resulting clusters are not biased toward having the same shape, variance, or dispersion (Saint-Laurent et al. 2000) . The number of clusters in which the OTUs are segregated is specified by the user as a smoothing parameter called "K" which has a range of 2-80 (Baum and Bailey 1991) . K specifies the number of neighbors to use for the K th nearest neighbor density estimation and clustering. When the number of modal clusters stabilizes over a range of K, this suggests the number of clusters in the data (Baum and Bailey 1991) . Although this method is not widespread in plant taxonomic analyses, it has been used successfully in other studies (Baum and Bailey 1991; SaintLaurent et al. 2000; Binns et al. 2002) . The MODECLUS procedure is explained further in Saint-Laurent et al. 2000 . For the second method, a hierarchical UPGMA cluster analysis was used (Sneath and Sokal 1973) . To assess the goodness of fit of the dendrogram, the cophenetic value matrix was compared with the dissimilarity matrix by Mantel 0 s correlation coefficient (Pimentel et al. 2007 ). The analysis was performed using the program NTSYS pc version 1. The validity of the number of clusters and their dispersions was assessed by canonical discriminant analysis (CDA). Likewise, CDA was performed for each cluster to see the variation among its included taxa, and to ascertain the distinctiveness of related taxa. Non-quantitative characters were deleted (despite their value for identification) because the CDA method relies of on the assumption that characters are quantitative (Binns et al. 2002) . Subsequently, a cross validation discriminant, analysis (DA) was carried out on the same dataset and for each of the clusters of the MODECLUS 5-cluster solution. For cross validation, 25% of the specimens were randomly excluded from the dataset and the discriminant functions were calculated for the remaining specimens. This method requires a priori assignment of OTUs to groups and allows one to determine whether the recognized groups are statistically definable entities or if there is too much variation within groups to allow classification (Sneath and Sokal 1973) . Finally, for those clusters with only two taxa, a t test was performed to determine the importance of each quantitative character in differentiating taxa.
Results
The number of clusters suggested by the MODECLUS procedure stabilized at two clusters for K = 44-49, three cluster for K = 26-27 and again at K = 31-43, four clusters for K = Table 1 . Cluster size for each K value of the areas of stability evaluated in the present study. Species identified in each cluster using the most recent floras. 
24-25, five clusters for K = 21-23 and thirteen clusters for K = 11-12 ( Fig. 10) . Despite the variability in cluster number resulting from different K values, the whole dataset was split in similar ways (Table 1) . The 2-cluster (K = 44-49) and 4-cluster (K = 24-25) solutions were rejected because the number of specimens assigned to each cluster varied at the different K values. The 3-cluster solution for K = 26-27 and K = 31-43, placed the same number of specimens into the same clusters (82, 62, and 118, respectively) , and also the same specimens were found in each cluster ( Table 1) . The 5-cluster solution for K = 21-23 was also identical, each of them suggesting 82, 62, 69, 23, and 26 specimens for each cluster and with the same specimens. Likewise, the correspondence in the assignment to clusters between solutions with different numbers of clusters was compared, and it appears that two clusters of the 5-cluster solution are composed of the same specimens as from the two clusters resulting from the 3-cluster solution (the clusters with 62 and 82 specimens). The remaining species are gathered in one cluster in the 3-cluster solution, while in the 5-cluster solution they were segregated in three clusters (Table 1) . In this case, the 5-cluster solution was retained because the number of clusters suggested was quite similar to the UPGMA dendrogram ( Fig. 11 ) and gave more information of the species relationships.
The 13-cluster solution at K = 11-12 was identical in size and the specimens were the same in each cluster for both K values. Although the number of clusters was higher than in the 5-cluster solution, two of the clusters in this solution were composed of the same specimens as in the 5-cluster solution (the clusters with 23 and 26 specimens, respectively). The remaining clusters of the 5-cluster solution were segregated in 11 clusters in the 13-cluster solution ( Table 1) .
The UPGMA dendrogram constructed from the Gower's similarity matrix showed four clearly separated groups (Fig. 11) . Group I was the largest and could be subdivided into three subgroups: A. composed of the widespread S. caucasica and S. aktauensis Roshev., B. composed of S. klemenzii Roshev., S. tianschanica Roshev., and S. longiplumosa Roshev., and C. composed of S. gegarkunii P. A. Smirn. and S. alaica Pazij. Group II contained specimens of the S. lingua A. Junge complex and S. karataviensis Roshev., which were also clearly segregated into two different clusters.
Finally groups III and IV were well differentiated, each comprising one taxon, S. gaubae and S. mongolorum Tzvelev, respectively. The Mantel cophenetic correlation obtained was high (r = 0.84), indicating a good fit between values from the cluster analysis and those of the dissimilarity matrix. The clusters were similar to those found using the MODECLUS procedure, with the exception of S. aktauensis, which appeared in the same group as S. caucasica, not with S. tianschanica, S. klemenzii, and S. longiplumosa.
The lambda values associated with each of the qualitative values (Table 2) indicated that several characters influenced both species delimitation and OTU grouping. The highest values corresponded to the presence of a coronula (COR), scar shape (SCAR), the presence of a foot-like expanded callus (CALLFLE, especially important for the delimitation of group II), a glabrous or pubescent column (COLIND, useful for the delimitation of subgroup A and B), and a falcate (SETFA) or straight (SETS) awn. For UPGMA, glabrous apex (GLAPM) was also important, whereas for the MODECLUS procedure, a scabrous (ABINDSC) or glabrous (ABINDG) abaxial basal leaf blade surface was important.
The CDA 1 of the 5-cluster solution showed that only clusters 4, 5 and more weakly cluster 2 were successfully differentiated, while the other clusters showed high overlap. The first three canonical axis explained 56%, 22% and 16% of the variance, respectively. The most important characters for axis 1 were PERL/PERW and seta trichome length, both responsible for the segregation of cluster 2, which marginally overlapped with cluster 3. SET/COL was the most important character of axis 2 and was responsible of the segregation of cluster 4 (Fig. 12) . The plot of axis 2 against axis 3 ( Fig. 13 ) segregated cluster 5. In this case the callus length, awn length, column trichome length, and ligule length (LL and LUL) were the most relevant characters (Table 3) .
CDA 2 of the 13-cluster solution, as well as CDA 1 (above), did not provide justification for the clusters segregated by the MODECLUS procedure. The first three axes explained 37%, 25% and 14% of the variance, respectively. In a plot of axis 1 against axis 2, only cluster 6 and 12 were clearly segregated. The characters that contributed more to this separation were glume length and column trichome length for axis 1, responsible for the differentiation of cluster 6, whereas column trichome length and seta trichome length were the most relevant characters for axis 2 and responsible for the segregation of cluster 12 ( Fig. 14) . A plot of axis 2 against axis 3 ( Fig. 15 ) segregated cluster 8. In this case, glume length, callus length, awn diameter, and seta trichome length were the most relevant characters (Table 3) .
New analyses (CDA, DA, and t test) were performed for each of the clusters from the 5-cluster solution. This was done to ascertain the distinctiveness of the species associated with each cluster.
Regarding the MODECLUS procedure, cluster 1 contained S. longiplumosa, S. aktauensis, S. klemenzii, and S. tianschanica (Table 1 ). The 13-cluster solution separated each of the species, as well as the two subspecies, of S. tianschanica, gobica (Roshev.) D. F. Cui and tianschanica, (with the exception of two specimens of subsp. tianschanica that segregated with subsp. gobica and vice versa). CDA 3 was performed for cluster 1, excluding S. longiplumosa and S. aktauensis because they are obviously distinct from the remainder of the species in the cluster (Figs. 11, 14, 15) . This was done to ascertain the distinctiveness of the three remaining taxa. However, CDA 3 only provided justification for S. klemenzii with the first axis explaining 95% and the second 5% of the variation. In the plot of axis 1 against axis 2 ( Fig. 16 ), there was a marginal overlap between subsp. tianschanica and subsp. gobica, while S. klemenzii was clearly segregated. The characters that most contributed were lengths of the callus, lemma, glume, and awn (Table 4) . Using discriminate analysis, all the specimens of S. klemenzii were well classified (as in the MODECLUS procedure), while two specimens of subsp. tianschanica and two of subsp. gobica were misclassified as the other subspecies.
Cluster 2 was identified as S. karataviensis and the S. lingua complex (S. lingua subsp. lingua, S. lingua subsp. lipskyi (Roshev.) R. Gonzalo and S. lingua subsp. magnifica (A. Junge) R. Gonzalo). The most important characters used for this differentiation were: lemma length, awn length, column ornamentation, basal blades adaxial surface trichome or papillae length, callus ornamentation, and the swollen upper leaf sheath.
The CDA 4 was performed for the four latter species recognized by Tzvelev (2000) and Pazij (1968) using additional morphological characters (Table 4) . The first two axis explained 81% and 16% of the variation, respectively. Only S. karataviensis and Stipa lingua subsp. lipskyi were well segregated by CDA 4, whereas the CDA was not able to explain the difference between subsp. magnifica and subsp. lingua. The plot of axis 1 against axis 2 ( Fig. 17) shows a clear differentiation for S. karataviensis and for S. lingua subsp. lipskyi. Axis 1 was responsible for the differentiation of S. karataviensis, with glume length, lemma length, callus length, coronula length, awn length, awn diameter, and seta length contributing most to this separation. Axis 2 was responsible for the differentiation of S. lingua subsp. lipskyi, with adaxial indumenta length as the most important character (Table 4) . In the DA, 90% of the specimens were well identified. All the specimens of S. karataviensis and S. lingua subsp. lipskyi were well identified, whereas S. lingua subsp. lingua had two specimens misidentified as S. lingua subsp. magnifica and S. lingua subsp. magnifica had four misidentified as S. lingua subsp. lingua. A t test was performed for S. lingua subsp. magnifica and S. lingua subsp. lingua (Table 5 ). The characters that contributed significantly (p 0.01) were: lengths of awns, lemmas, seta, glumes, adaxial trichomes, and three new characters, lengths of coronula trichomes, panicle branch cilia, and ligule cilia. Stipa lingua subsp. lingua and subsp. magnifica were identified with all those characters. A new DA was performed for the four taxa in which 100% of the specimens were well identified. Likewise, removing the length of the adaxial indumenta from the analysis, S. lingua subsp. lipskyi is placed close to S. lingua subsp. lingua (data not shown), with 3 specimens misidentified as S. lingua subsp. lingua.
Cluster 3 was identified as the S. caucasica complex. Five subspecies were recognized (caucasica, glareosa (P. A. Smirn.) Tzvelev, iskanderkulica Tzvelev, desertorum (Roshev.) Tzvelev and drobovii Tzvelev) based on characters such as awn length, lemma length, basal leaf abaxial ornamentation, and basal leaf adaxial trichome length. In the DA performed for the five subspecies, only 79% of the specimens were correctly identified. However, in the 13-cluster solution, S. caucasica complex was segregated in three clusters identified as the following subspecies: caucasica (cluster 9), glareosa plus desertorum (cluster 10), and drobovii plus iskanderkulica (cluster 11). A t test was performed for subsp. glareosa plus desertorum and for subsp. drobovii plus iskanderkulica (Table 5) , with no differences found within each pair of subspecies. As a result, we recognize three subspecies: subsp. caucasica (cluster 9), subsp. glareosa (cluster 10), and subsp. drobovii (cluster 11). These three subspecies were well segregated using canonical discriminant analysis (CDA 5), with the first and the second axis explaining 72% and 28% of the variance, respectively. The plot of axis 1 against axis 2 ( Fig. 18) showed a high degree of separation between the three subspecies. The characters that contributed most to this differentiation were lemma trichome length and two new characters, callus length, and CDH/ CVH for axis 1, responsible for the separation of subsp. drobovii, and glume length, lemma length and diameter, and awn length and diameter (Table 4) for axis 2, responsible for the differentiation of subsp. caucasica and glareosa. Another Table 2 . Lambda values for the qualitative characters studied. For 5-cluster solution and UPGMA see Table 1 and Fig. 11 , respectively, and for character codes see Appendix 1. Characters Table 1 . DA was performed with these three subspecies, where only 8% of the specimens were wrongly identified, two specimens of subsp. glareosa as subsp. caucasica and vice versa. Finally, the last clusters (4 and 5) of the 5-cluster solution included the same specimens as the 13-cluster solution (12 and 13), with 23 and 26 specimens, respectively ( Table 1) . Specimens of cluster 4 were identified as S. gaubae and S. mongolorum, while specimens of cluster 5 were identified as S. gegarkunii and S. alaica. Only two species were involved for each cluster, and a t test was performed to test which characters might be used to separate both taxa with the highest probability. For cluster 4 (S. gaubae and S. mongolorum), besides the difference in the number of styles, all the quantitative characters excluding lemma trichome length, seta trichome length, and CDH/CVH contributed to their differentiation (Table 5) . Within cluster 5 (S. gegarkunii and S. alaica), besides the different shape of the seta, both species were different in all the quantitative characters except the lengths of the lemma trichomes, seta trichomes, seta, the uppermost leaf ligule, CDH/CVH, and PERL/PERW (Table 5) .
Discussion
The MODECLUS procedure yielded 3-, 5-and 13-cluster solutions, which were not justified with the canonical discriminant analysis (CDA 1 and 2). This was mainly because CDA utilizes only quantitative data, thus the important qualitative data that are useful in identification were not employed. However, the MODECLUS procedure and UPGMA analysis yielded similar results, with the exception of the placement of S. aktauensis. This difference is mainly due to the importance that each analysis gives to the qualitative data (Table 6) . Stipa aktauensis and S. caucasica are morphologically Table 1 . Fig. 15 . CDA 2. Canonical discriminant plot of the 262 OTUs, for the 13-cluster solution from the MODECLUS procedure. The numbers correspond to each cluster, assigned to each OTU by MODECLUS as in Table 1 . similar, and they are usually placed together in the keys to species of Stipa (Pazij 1968; Tzvelev 1976 ). Spikelets of both species are similar in size, and both have a coronula and a pubescent column. For this reason both species are clustered on the UPGMA dendrogram ( Fig. 11) . Awn shape easily separates both species, which is falcate in S. caucasica and straight in S. aktauensis. The awn shape is also responsible for the segregation of S. aktauensis in cluster 1 of the 5-cluster solution (Table 1) . Moreover, S. aktauensis has an awn slightly longer than S. caucasica and the column is 1/7-1/10 the length of the awn, whereas in S. caucasica the column is 1/2-1/4 the length of the awn ( Figs. 5, 6) . Stipa longiplumosa shares with the other species of cluster 1 the straight awn and the scabrous basal leaf, but it can be easily distinguished by its larger spikelets 14, 15) .
However, S. longiplumosa is most similar to S. lingua subsp. lipskyi, mostly because of overall similarity of their spikelets (Fig. 14, 15 ). This resemblance has frequently led to their misidentification in areas where the two species coexist. Roshevitz (1932) emphasized the longer column of S. longiplumosa, 1/3-1/5 the length of the seta, whereas in S. lingua subsp. lipskyi the column 1/6-1/9 the length of the seta (Fig. 6) . Additionally, several qualitative characters (Table 6 ) traditionally used for the identification of S. longiplumosa, such as the absence of a coronula and scabrous basal leaf blades (Ovczinnikov 1957; Pazij 1968; Tzvelev 1976) , were responsible for its segregation from the S. lingua complex in the MODECLUS procedure and with UPGMA ( Fig. 11) .
Regarding cluster 1, the three remaining taxa (S. klemenzii, S. tianschanica subsp. tianschanica and subsp. gobica), have been considered closely related and occur together in West Mongolia. Stipa klemenzii traditionally has been considered related to S. tianschanica, the two differing in their spikelet sizes (Roshevitz 1924; Tzvelev 2000) . Several taxonomists have not considered this variation sufficient to recognize two species, and therefore reduced S. klemenzii to a variety of either S. gobica or S. tianschanica (Wu and Phillips 2006; Norlindh 1947 ). Tzvelev (1976 kept the specific status intact, although he left open the possibility of considering it a subspecies of S. tianschanica. Our results suggest a clear differentiation between both taxa, supporting the maintenance of S. klemenzii as a different species. Besides the different spikelet structure sizes (Figs. 2-5, 16 ), there are solid diagnostic qualitative characters that have not been used in the keys of Stipa that provide useful information for species identification ( Table 6) . One of these is awn shape, e.g. falcate in S. klemenzii, straight in S. tianschanica, that has been reported in the description of the species (Tzvelev 2000; Wu and Phillips 2006 ), but has not been used in the keys. In addition, we have noticed that in S. klemenzii the subdorsal and lateral rows of the lemma are fused, whereas they are distinct in S. tianschanica.
Multivariate analysis showed that S. tianschanica subsp. gobica and subsp. tianschanica are morphologically similar, overlapping in most of the characters studied (Fig. 16) . Subspecies gobica is almost confined to Mongolia and subsp. (Figs. 2, 3, 5) . Maybe the clearest difference between these taxa is the lemma apex, which is glabrous in subsp. gobica and with a coronula in subsp. tianschanica. The overall similarity in their floral and vegetative structures could justify a subspecies treatment. The Stipa lingua complex is one of the most widespread groups of sect. Smirnovia, plus it shows great morphological variation. Besides the straight and long awn, the most characteristic feature is its foot-like expanded callus that is shared with S. karataviensis; it is likely this character that causes both species to be placed together in the 5-cluster solution, as well as in the UPGMA dendrogram (Fig. 11) . In addition to spikelet size differences (Fig. 14, 15 ), the presence of three instead of seven rows of trichomes is noteworthy and is extensively used in regional floras to differentiate S. karataviensis from other species (Roshevitz 1932; Tzvelev 1976) .
The three taxa of the S. lingua complex have been traditionally treated as different species (Pazij 1968; Tzvelev 1976 ), but our results indicate that the morphological differences are not clear. Stipa lingua subsp. lipskyi can be distinguished from S. lingua subsp. lingua and S. lingua subsp. magnifica by its glabrous column (Fig. 11, 12) . Additionally, it usually has longer trichomes on the adaxial surface of the basal leaves ( Fig. 9, 17) . No other distinctive qualitative characters are evident and resemblances in size and shape of the spikelets of S. lingua subsp. lingua and S. lingua subsp. lipskyi was noticed before by Tzvelev (1976) and Gonzalo et al. (2011) , both of whom suggested the subspecies rank for S. lipskyi.
Considering our results, the morphological differentiation between S. lingua subsp. lingua and S. lingua subsp. magnifica is difficult based on traditionally used characters (Junge 1910; Pazij 1968; Tzvelev 1976) . However, our analyses yielded small differences in the awn and lemma lengths, and added three new diagnostic characters (coronula trichome length, panicle branch cilia length, and ligule cilia length). Furthermore, S. lingua subsp. magnifica is separated geographically from the other subspecies, being endemic to the Alai range of Kirghizstan where no specimens of S. lingua subsp. lingua have been collected. Our DA, conducted with specimens identified according to the new characters, allowed the differentiation of both taxa. Nevertheless, the slight morphological differentiation observed and the overall resemblance of their spikelets and panicles indicates that a subspecific rank could be suitable for S. magnifica (Gonzalo et al. 2011) .
Stipa caucasica is the most widespread species of sect. Smirnovia, distinguished from the other species of the section by having a falcate and completely pubescent awn. Throughout its geographical range it is morphologically variable and numerous specific and infraspecific names have been applied to plants of this species. Tzvelev (1974 Tzvelev ( , 1976 recognized five subspecies based on the size of the lemma and the awn, with special attention to the surface of the basal leaves. A broader concept was adopted by Freitag (1985) , who reduced the number to two subspecies (subsp. caucasica and glareosa) based on differences in spikelet structure and size, culm size, and surface of the abaxial face of the basal leaves. Our study supports the recognition of three taxa that we recognize here as subspecies.
Stipa caucasica subsp. glareosa has been separated from subsp. caucasica basically by its shorter awn and lemma ( Fig. 18 ) and the ornamentation of the abaxial surface of the basal leaves (Smirnow 1929; Tzvelev 1976 ). However, Freitag (1985) noticed that the differences between these two subspecies are not always obvious. Specimens of S. caucasica subsp. caucasica growing at higher altitudes or under harsher environmental conditions are shorter with smaller spikelets, thus resulting in overlap in quantitative characters with the alpine subsp. glareosa. Special emphasis has been given to the indumentum of the basal leaves, but as with other widespread taxa of Stipa (i.e. S. capensis Thunb., S. capillata L., S. lagascae Roem. & Schult., S. pennata L.), this feature is variable. The scabrous abaxial surface of the basal leaf blades has been traditionally considered characteristic of subsp. glareosa (Smirnow 1929), with subsp. caucasica being glabrous. However, populations of subsp. caucasica can have scabrous leaves whereas subsp. glareosa (= subsp. desertorum) may have glabrous or smooth leaves across its distributional area. Even though subsp. glareosa is a more delicate plant with smaller spikelets (Fig. 18) , it has been misclassified with small specimens of subsp. caucasica. Therefore, and in agreement with recent floras (Tzvelev 1976; Freitag 1985; Wu and Phillips 2006) , we consider S. glareosa as a subspecies of S. caucasica.
The third subspecies, drobovii, was first described by Drobow (1925) as Stipa bella Drobow. This taxon is characterized by having the rows of trichomes reach the lemma apex, and the trichomes of the lemma and the column are longer than in S. caucasica. Tzvelev (1974) reduced it to subspecies rank as S. caucasica subsp. drobovii, and specifically emphasized the dense and short pubescence (0.2-0.3 mm long) on the adaxial side of the basal leaves. Freitag (1985) considered the variation in these characters to reside within that of the type subspecies, thus he did not recognize it as a different taxon. Our result supports its differentiation, mostly based in its short callus, its longer lemma trichomes, and its dorsal trichomes which are longer than its ventral ones. This latter feature is reported here for the first time, and has not been documented in any other species of the genus.
Stipa caucasica subsp. iskanderkulica has been described from Gissar-Darvaz, characterized by having the abaxial surface of the basal leaves pubescent, becoming glabrous towards the apex. However, this pubescence pattern is also found in other species of the genus (i.e. S. iberica Martinovský, S. pulcherrima K. Koch, and S. lagascae). Likewise, populations with pubescent blades are also found in Iran. Populations with pubescent leaves share the same distinctive features as subsp. drobovii and both taxa represent the same subspecies (Table 5) .
Stipa mongolorum and S. gaubae are segregated together in the MODECLUS procedure, but both taxa are different in most of the quantitative characters and grow in different areas. Stipa mongolorum apparently resembles S. caucasica subsp. glareosa and both are similar ecologically and biogeographically (Tzvelev 2000) . Likewise, they are morphometrically similar and frequently found on the same herbarium sheet, thus leading to misidentifications. Stipa gaubae morphologically resembles S. lingua, sharing a long and straight awn with the column 1/7-1/10 the seta length (Fig. 6) . However, S. mongolorum and S. gaubae share a completely pubescent lemma, seta with trichomes shorter than 4 mm, and an awn with the column 1/10 of the seta (Figs. 6, 7) , thus explaining their clustering in MODECLUS. Besides, these two species have unique features not shared with the other taxa of the section that are responsible for their clear segregation on the UPGMA dendrogram (Fig. 11) . Stipa mongolorum is characterized by its somewhat loose panicle with erect branches, whereas the other taxa have contracted panicles with spreading or erect-spreading branches (Tzvelev 2000) . Stipa gaubae is characterized by its long ligules and its 3-styled ovary (Freitag 1985) , whereas the remaining taxa have short ligules and a 2-styled ovary. The affinity of both species are obscure, displaying unique features that suggest hybrid origins. For S. mongolorum, possible parentals are S. glareosa + S. pelliotii (Danguy) Grubov or S. glareosa + S. breviflora Griseb. (Tzvelev 2000) , whereas S. gaubae has been segregated in the section Subsmirnovia (Tzvelev 1974) .
Finally, the MODECLUS procedure and the UPGMA analysis grouped S. alaica and S. gegarkunii together. Both taxa share several qualitative characters (Table 6 ), but the most interesting is the presence of a unigeniculate or subbigeniculate awn. Despite the subbigeniculate awn, both species are distinguished by the obviously longer lemma of S. gegarkunii (Table 5) , and by the awn shape, which is flexuous in S. gegarkunii and falcate in S. alaica. In addition, both taxa have different distributions: S. gegarkunii is endemic of Armenia, while S. alaica is distributed in Pamir and more recently has been found in East Kazakhstan.
The present work has highlighted some new quantitative and qualitative characters that, together with others already used, are useful in identifying the studied taxa. Referring to both qualitative and quantitative characters, it was possible to adequately distinguish morphologically 18 taxa in section Smirnovia and one taxon for section Subsmirnovia (Table 6) . Based upon the characters examined in this study, a new key to taxa is presented, modified from that in Tzvelev (1976 Tzvelev ( , 2000 and Wu and Phillips (2006) . Finally, this study highlights the need for future explorations, especially in those species excluded from the multivariate analyses, to improve the species descriptions and delimitations.
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